Mr Peter Clifford (Tlhe Royal Marsden Hospital, London SW3 and Sutton, Surrey) Carcinogens in the Nose and Throat: Nasopharyngeal Carcinoma in Kenya Following the report by Todd (1921) , subsequent studies (Digby et al. 1930 , Digby et al. 1941 , Digby 1951 , Hu & Yang 1959 showed nasopharyngeal carcinoma (NPC) to be common in Chinese. Muir (1971) estimated incidence rates for Chinese as 10-20 per 100 000 population annually for males and 5-10 for females, and Ho (1967) has reported an annual incidence of 25.2 per 100 000 for males and 12.4 for females in Hong Kong. Within China the incidence of this disease appears to relate to latitude and these high rates apply only to the South China provinces of Kwantung, Kwangsi and Fukien. Reports from Central and North China indicate that this disease is less prevalent in these areas (Clifford 1970a) .
Nasopharyngeal carcinoma is rare in the mongoloid peoples of Korea and Japan who are descendants of peoples migrating from the mainland of Asia, mainly Manchuria. For centuries Chinese from South China have migrated and settled throughout the countries of South-east Asia and the Americas. Intermarriage has occurred with the original native inhabitants of these countries. In some instances it has been possible to compare the incidence of NPC in population groups of pure Chinese, mixed Chinese/indigenous, and indigenous stock. In areas such as Singapore, Malaya, Thailand and Indonesia the highest incidences occur in the pure Chinese groups, with rates comparable to but lower than those noted in South China. The lowest rates occur in indigenous native populations and intermediate levels in those with an admixture of Chinese blood (Muir 1971) . This association has suggested that the disease may be genetically determined, but this needs reappraisal. Cancer arising as the result of the exposure of a racial group or section of the population to common environmental carcinogens may erroneously be ascribed to an inherited genetic susceptibility. Neither have significant external environmental factors been found affecting these population groups, perhaps because attention has been concentrated almost entirely on the search for carcinogenic inhalants. However, the importance of environmental factors is indicated by analyses of cases by birth in Hawaii, Australia and California which have shown a significantly lower incidence in those Chinese born outside China than in those born in China (reviewed by Clifford 1970a).
NPC is rare in the caucasian peoples of Europe, India and America. In populations of European origin the relative frequency of this disease is about 0.3% in males and 0.2% in females. In India and Ceylon this cancer occurs as 0.5% of all cancers. Muir estimates the incidence in occidental countries as less than 1 per 100 000.
The occurrence of NPC in Africa has only recently been recognized, though the oldest known pathological specimens are derived from (Clifford 1970a) . With some exceptions incidence rates for most of these countries cannot be calculated because reliable information on population, age and sex structure and adequate diagnostic services are lacking. Reliable information is available on the Kenyan African population, which is composed of four ethnic groups, Bantu, Nilo-Hamitic, Luo and Hamitic, subdivided into different tribes which occupy distinct geographical areas. Language barriers and different social customs maintain these tribal divisions and intermingling is not common except in the towns. The urban population forms less than 10% of the entire population. Kenya covers land areas lying at different altitudes; from a coastal plain the land rises to a central plateau at 2000-3000 m above sea level. The majority of the population live above 1000 metres. Tribes representing Bantu and Nilo-Hamitic ethnic groups live in high, medium and low areas of the country. The Hamitics occupy the low desert area of North Eastern Kenya, and the Luo on the Eastern shore of Lake Victoria live at about 1000 metres above sea level.
In the ten-year period from January 1961 to December 1970, 434 patients with NPC (9% of all hospital admissions for malignant disease) were admitted to the Kenyatta National (King George VI) Hospital, Nairobi. This is the central referral hospital and patients with NPC are referred there from district and provincial hospitals for diagnosis and treatment. Eighteen of these patients came from the adjoining countries of Tanzania and Uganda and have been omitted f:orm this study. Table 1 
classifies the 416 Kenyan
African patients by enthnic group and tribal division. The male preponderance (2.65:1) in this series is similar to the sex incidence in Chinese living in Hong Kong and Taiwan. The highest age-specific incidences occurred in 50-54-year-old males (3.13) and in females five years older (1.85) (Clifford 1965 (Clifford , 1972 ). These cases have been related to the general population as enumerated in the 1968 Kenya census, and tribal and ethnic rates calculated for males and females. These rates relating patients to population are minimal as not all sick Africans seeks hospital treatment.
This classification shows that the highest rates occur in those tribes (Kipsigis, Nandi, Elgeyo, Kikuyu, Meru/Embu) living in the higher and consequently colder areas of the country, irrespective of ethnic origin. The people in these areas live in poorly ventilated, circular huts, constructed of mud and wattle walls with a grass thatch roof. Inside, an open wood fire for cooking and heating burns most of the day and for many hours of the night. Chimneys are not used; smoke and fumes escape through the door and thatch roof, but this form of egress is inadequate to deal with the high concentration of smoke within the huts which deposits soot over the entire interior of the roof. Soot samples were collected from the interior of the huts of 30 patients with NPC for analysis by Dr E Wynder and Dr D Hoffman of the Sloan-Kettering Institute, New York, and the results, given in Table 2 , show high values of carcinogenic hydrocarbons. The wood fuel used comes from indigenous trees including acacias and from exotic afforrestation, mainly wattle and gums (Clifford & Beecher 1964) .
Using a portable air-sampling machine the atmosphere within 8 randomly chosen African hluts at different altitudes was examined for the same period each evening. The analysis of these samples was also undertaken by Dr Wynder and Dr Hoffman. The results are given in Table 3 and show a direct relationship between altitude and the amount of benzpyrene and benzanthracene in the air in the interior of the huts. Polynuclear aromatic hydrocarbons (PAH) are recognized as strong and reliable animal carcinogens and a number of experimental chemicallyinduced tumours closely mimic human cancers (Ryser 1971) . Both these compounds have been found in the polluted air of European cities and values as high as 390 pg/1000 ma benzo(a)pyrene have been recorded. It is impossible to extrapolate accurately animal experimental data to man and threshold limits for human carcinogenesis have not been determined (Bogovski 1971, personal communication) , but as the cellular effects of PAH are cumulative the total dose, which is the significant figure, will relate to the time of exposure as well as to the concentration. In Kenya a correlation exists between altitude and the incidence of NPC and between altitude and the quantity of PAH in the air in African huts; but it is not possible in humans to determine the exact significance these compounds have in the development of this disease.
Altitude may affect the concentration of trace elements in the soil as these are liable to be leached out. Burrell et al. (1966) showed that grain grown on molybdenum-deficient soil was easily attacked by carcinogenic fungi and liable to develop metabolic disturbances which could lead to the formation of nitrosamines following ingestion. The plant level of 8 trace elements including molybdenum and nickel were surveyed on 30 Kenyan African farms, including those of patients with NPC and controls, by Robinson & Clifford (1968) and found to be normal.
Different animal species and strains differ in their sensitivity to chemical and viral oncogenic agents. Dawe (1967) has pointed out that neoplasms of the upper respiratory tract induced in Syrian hamsters by diethylnitrosamine included in their diet, in rats by fluorenylenebisacetamide given subcutaneously or into the stomach or trachea, and in mice by the Polyoma virus administered subcutaneously, are histologically very similar. In these species these agents produce tumours of other organs more frequently; thus the question of strain sensitivity is important, and as similar tumours resulted following different forms of administration, the question of tissue sensitivity might be considered in relation to NPC. It is not necessary for the substance initiating NPC to be inhaled or to be deposited on the nasopharyngeal epithelium, as PAHs undergo metabolic activation by microsomal enzymes locally or in the liver and thus the active metabolite may be released locally or carried to the target area by the blood stream before binding with DNA in the affected area. Neither is it necessary to postulate a single universal agent, and thus while PAHs may be significant in Kenya, nasal fungi in the Sudan, and perhaps nitrosamines from the soil or from badly prepared meat and fish in South China and in Taiwan, trace elements such as arsenic, nickel and chrome may be important. Irrespective of whether the carcinogen is inhaled or ingested, some of these may have an organ-specific effect, and in other cases hormonal or nutritional states or viral infections may increase the organ or local tissue sensitivity to the external agent; and whether a cancer develops or not depends on the response of the local tissues to a particular combination of external and internal influences (Clifford 1970a) .
NPC may arise following exposure to external agents which may or may not be rendered carcinogenic by genetic, nutritional, hormonal or viral states or a combination of these. Peoples with high incidence of NPC have some common physical characteristics, i.e. being platyrrhine and having clinical signs of hypercestrogenization. Very little is known about the relationship between genetic composition and the incidence of NPC, but in Kenya a statistical study of ABO blood groups in males with NPC and the general population suggested that Group A persons were at less risk ofthis disease (Clifford 1970b) . Differences in susceptibility to cancers in racial groups and indeed in laboratory animals are poorly understood. They may relate to a genetically determined loss of enzymes which normally repair the effects of the initiating substance, or they may be due to the mode in which the carcinogen is activated.
The work of Sail & Shear (1940) and Berenblum (1941) established that chemical carcinogenesis is at least a two-stage phenomenon. PAHs are powerful initiators with irreversible, additive and dose-dependent effects which are transmitted to the progeny of the group ofcells initially involved. These agents are not immediately carcinogenic and the effects may only be evident after the affected cells have passed through many generations; hence the latent period which characterizes the mode of action of these compounds. The effects of the initiating agents are potentiated and hastened by a group of substances referred to as promoters, or cocarcinogens. These may be weakly carcinogenic in themselves, but their main effect is as a growth stimulus leading to proliferation of the cells which have been initiated. Promotion may be affected by external agents or by changes in the milieu interieur involving the microenvironment of the target cells. Factors which may be significant in such a situation in respect of NPC are included in Fig 1. Vitamin A deficiency leads to proliferation of the basal cells and a loss of differentiation in the mucosa of the upper respiratory tract. Also, while this vitamin has an inhibitory effect on the development of PHA and some viral tumours, a deficiency has the reverse effect. Vitamin A is also concerned in the stability of the lyosomal membranes and a deficiency may lead to a release of the DNase enzyme which may enter the nucleus and cause chromosomal alterations (see Clifford 1970a) . The levels of both vitamin A and the carotene group were found to be very low in the serum of 70 male Africans, 17 of whom had NPC. The difference in the carotene group levels in the NPC patients and the controls was statistically significant at the 95 % level. Hormonal factors: The nasal tissues are sensitive to hormonal influences, particularly to those of the thyroid and cestrogen groups. Studies on urinary steroid excretion and plasma levels in African males and controls showed that those with NPC excreted more urinary aestrogens and had significantly lower levels of dehydroepiandrosterone sulphate (DS) (Clifford & Bulbrook 1966 , Bulbrook et al. 1968 , Wang et al. 1966 ). Chinese patients with NPC have also been found to have low levels of plasma DS (Wang et al. 1969) . It is not possible to comment categorically on the significance of these hormonal levels, but in some laboratory systems the effects of hypercestrogenization resemble those of vitamin A deficiency and the administration of cestrogens promotes the carcinogenic effect of methylcholanthrene. The Epstein-Barr virus (EBV): There are now many established examples of enhanced carcinogenesis brought about by the synergistic action of viruses and chemical carcinogens. This effect, first described by Rous & Kidd (1938) using oncogenic viruses, has been shown also to follow the use ofnon-oncogenic viruses (Durand-Reynals 1963 , Southam et al. 1969 . EBV (Epstein et al. 1964 ) is a DNA herpes-type virus with a worldwide spread. Low titres (! 1:10) of serum antibodies specifically determined by this virus are found in more than 90 % of the Kenyan African population over the age of 10 years (Diehl et al. 1969) . High (21:160) anti-EBV serum titres have constantly been observed in patients after an attack of infectious mononucleosis (Niederman et al. 1968) , and in those with Burkitt's lymphoma (BL) ), NPC (de Schryver et al. 1969 , Svedmyr et al. 1971 ) and the sarcomatous form of Hodgkin's disease (Johansson et al. 1970) , and poorly differentiated lymphoblastic lymphoma (Johansson et al. 1971 ). Titres were not elevated in other lymphoand myelo-proliferative malignancies, including acute leukeemia, nor in patients with other head and neck cancers, including those of the mouth, fauces and pharynx. The same high titres of EBV-determined antibodies are found in Chinese, American, Swedish and Finnish patients with NPC as were originally noted in Africans with this disease (Henle et al. (1972) found that the titres of EBV-associated antibodies rose in NPC and BL patients following the successful irradiation of their tumours. For these reasons and because of the absence of seronegative patients with these diseases EBV is now considered to be more than a passenger in these tumours; whether its role is that of initiator or promoter is difficult to determine (Klein 1972) . The relationship between altitude and the incidence of NPC in Kenya has been described earlier, and the reverse applies to BL. In the high areas of Kenya only NPC occurs; in areas at medium altitudes, i.e. lying at 1000-1800 metres, both NPC and BL are evident, and below this level only BL. This suggests that the different presentations of both these diseases may depend on the association of EBV with different environmental or other factors determined by altitude.
It is difficult to decide whether to assign the role of initiator or promoter to EBV. Evidence has accumulated that carcinogenic hydrocarbons bind to DNA and that the carcinogenic process results from the alteration in DNA structure and function. This mutation may remain silent until evoked by 'growth-stimulating' promoters (Ryser 1971) . It is possible that a final and significant mutation results from the action of EBV enzymes.
EBV stimulates lymphoid cell proliferation and so might be considered as a possible promoter, but there are reasons for suggesting that it plays a more significant part in NPC. This disease may result from the combined effects of both external agents, viral and chemical, acting on nasopharyngeal tissues sensitized by genetic factors and/or by changes in the milieu int&rieur. 
DISCUSSION
Mr P E Roland (Coventry) asked if the suggestion that NPC did not occur in Ethiopia might not be similar to the situation in Uganda in the 1950s, where, prior to the appointment of an ENT surgeon, it had been stated that NPC did not occur. It was now known that NPC was one of the more common head and neck cancers in male Africans in Uganda. Mr Clifford, in reply, said it was difficult to be emphatic about the situation in Ethiopia. The medical services in that country were provided by different European governments and missions. There was very little collaboration between these groups and the histopathological services were very rudimentary. He had visited the country and held discussions with a number of doctors in practice there, including some Yugoslavian ENT surgeons. None of those that he had spoken to had seen any cases that might have been considered as NPC.
If the disease did not occur in Ethiopia this was of interest, as the people belonged to the Eastern Hamitic ethnic group. The country was high and many Ethiopians lived in environmental conditions similar to those of the Africans in the highlands of Kenya. The construction of the huts was not dissimilar and wood cooking fires were used. What might be significant was that the Ethiopians ate large quantities of green and red chillis with almost every meal; chillis were one of the richest sources of vitamin A available.
The following paper was also read: Atmospheric Pollution Professor P J Lawther (MfRC Air Polhltion Unit, London EC1M 6BQ)
